Background: It is standard practice for total hip arthroplasty (THA) patients to have post-operative imaging, and one of the reasons is to assess the adequacy of acetabular component position. Correct positioning of the acetabular component is important for successful outcome in THA. Acetabular component position can be measured from either computed tomography (CT) or plain radiographs. While CT is the gold standard for accurately measuring acetabular component position, radiographs are routinely used for post-operative evaluation. However, measurement of acetabular component position from plain radiographs is not straightforward and numerous methods have been proposed. As most imaging is now digital, the aim of this study was to investigate the reliability of one method to measure acetabular component position using a basic diagnostic imaging software program that is readily available to orthopaedic surgeons. Methods: We investigated the reliability Lewinnek's method using a basic Picture Archiving and Communication System program, InteleViewer TM . We measured 69 post-operative anteroposterior (AP) radiographs of patients who underwent primary THA. Intra-observer and inter-observer reliability for Lewinnek's method was calculated using the intraclass correlation coefficient. Results: Our results showed excellent intra-and inter-observer reliability for both inclination (0.99, 95% confidence interval (CI): 0.99-1.0; and 0.97, 95% CI: 0.95-0.99) and anteversion (0.99, 95% CI: 0.98-0.99; and 0.93, 95% CI: 0.89-0.96) measurements. Conclusion: This study has shown that using Lewinnek's method, acetabular component position can be reliably measured on post-operative AP digital radiographs using readily available software tools.
Introduction
It is standard practice for total hip arthroplasty (THA) patients to have post-operative imaging, and one of the reasons is to assess the adequacy of acetabular component position. Correct positioning of the acetabular component is important for successful outcome in THA. Malposition of the acetabular component is associated with numerous postoperative complications including decreased range of motion, impingement, increased wear and dislocation. It is therefore important for all surgeons to have a quick and reliable method for measuring acetabular component position.
Acetabular component position can be measured from either computed tomography (CT) or plain radiographs.
While CT is the gold standard for measuring acetabular component position, it is not routinely used for postoperative evaluation. 1 Instead, plain radiographs remain the most common imaging modality for post-operative evaluation due to widespread availability, low cost and minimal radiation exposure. However, measurement of acetabular component position from plain radiographs is not straightforward. Acetabular component position can be described in terms of inclination and version, where inclination is the angle between the face of the component and the transverse axis and version is the angle between the axis of the component and the coronal plane of the patient. 2 While inclination can be measured simply from plain anteroposterior (AP) radiographs, calculating anteversion is more difficult and numerous methods have been proposed based on the ellipse projected by the acetabular component on the AP radiograph. 3, 4 One of the first methods proposed is that described by Lewinnek et al 5 ( Lewinnek's method). This method involves drawing an ellipse over the projection of the acetabular component and measuring the short and long axis of the ellipse to calculate anteversion. In the original study, these measurements were performed freehand on plain AP pelvic radiographs. With modern digital imaging, these measurements can be performed using the Picture Archiving and Communication System (PACS) software programs that are widely used in hospitals. These programs have electronic tools that allow various shapes and measurements to be superimposed over a digitally stored radiograph. There are also available specialized software programs that have been developed to measure acetabular component position on digital radiographs and they use methods such as component edge detection, pelvic reference point systems and complex mathematical curve-fitting techniques. [6] [7] [8] While these have been reported to be accurate when compared to CT, they are expensive and not widely available.
The aim of this study was to investigate the reliability of Lewinnek's method to measure acetabular component position using a basic diagnostic imaging software program that is readily available to orthopaedic surgeons.
Methods

Study population
The study population was 69 patients who underwent 69 primary THA procedures. These procedures were selected from a larger cohort of 1897 THA procedures that were performed from 1 January 2011 to 31 December 2013 at Epworth HealthCare, Richmond, that had their acetabular component position measured as part of a quality assurance project. Patient demographics were provided by the hospital's patient administration system data. Sample size was calculated using planning for precision analysis, 9,10 based upon the method described by Zou. 11 A 95% confidence interval (CI), a desired or target value of intraclass correlation coefficient (ICC) of 0.80, a precision or CI or halfwidth of 0.10 and an assurance of 80% (similar to the minimum statistical power required in power analyses involving p values) were specified. In other words, we wished to have 80% assurance of obtaining a 95% CI of no wider than 0.70-0.90, for a target ICC of 0.80. The table provided by Zou 11 indicated that a sample size of 69 procedures would be required for two raters.
Radiographic analysis
All post-operative AP pelvic radiographs were taken using a standardized protocol with the patients in the supine position, the radiation beam centred over the superior aspect of the pubic symphysis and a film-focus distance of 100 cm. Images were stored in digital format in the hospital's PACS program (IntelePACS TM , Intelerad Medical Systems Inc) and available for viewing through InteleViewer TM (Intelerad Medical Systems Inc) diagnostic imaging software.
Lewinnek's method 5 was used to determine the radiological anteversion angle (AV) of the acetabular component. 2 Using Lewinnek's method, anteversion was calculated as arcsin (short axis of the ellipse/long axis of the ellipse) from the ellipse projected by the circular opening of the acetabular component on to the AP pelvic radiograph. To measure the short and long axis of the ellipse, the digital drawing and measurement tools from the InteleViewer TM software were used to draw an ellipse around the acetabular component's opening rim and then to measure the short axis and long axis (Figure 1 ). Where the version of the acetabular component was not clear on the AP radiograph, the lateral radiograph was used to determine whether the acetabular component was retroverted or anteverted. Inclination was measured as the angle between the line of the long axis of the ellipse and the inter-teardrop line and could be measured directly on the AP radiograph using the InteleViewer TM software measurement tools ( Figure 1 ).
To assess intra-observer reliability, the primary observer (first author) measured each of the 69 AP radiographs twice with a 3-week interval between the first and second measurements and blinded to the results. To assess interobserver reliability, an experienced orthopaedic surgeon (second author) measured the same 69 AP radiographs, blinded to the primary observer's (JL) results. These results were compared to the primary observer's (JL) first measurements.
Statistical analysis
Intra-observer and inter-observer reliability for Lewinnek's method was calculated using the ICC 12 and a 95% CI. We used the one-way random-effect intraclass correlation model and absolute agreement to calculate the individual ICC. An ICC value of 1 means perfect reliability and a value of 0 means the opposite. An ICC > 0.80 conventionally represents excellent reliability. Statistical analysis was performed using Stata 13 (Stata Corporation, College Journal of Orthopaedic Surgery 25 (2) Station, Texas, USA, 2013) software and statistical significance was defined as p 0.05.
Results
Sixty-nine digital AP pelvic radiographs were selected for measurement and 17 different surgeons performed the THAs. The mean age of patients in the study population was 64.2 (SD: 12.1, range: 34-87 years). Thirty-seven procedures were performed in males and 41 procedures were right-sided. The ICC for intra-observer reliability of anteversion measurements was 0.99 (95% CI: 0.98-0.99) and for inclination it was 0.99 (95% CI: 0.99-1.0). The ICC for interobserver reliability of anteversion measurements was 0.93 (95% CI: 0.89-0.96) and for inclination it was 0.97 (95% CI: 0.95-0.99; Table 1 ).
Discussion
Using the InteleViewer TM software, we found Lewinnek's method to be a reliable method for measuring acetabular component position. Intra-observer and inter-observer reliability was > 0.90 for both anteversion and inclination angle measurements, indicating excellent reliability. Previous studies have reported similar results when investigating the intra-and inter-observer reliability of Lewinnek's method using different imaging software programs (Table 2 ).
There was slightly higher inter-observer reliability when measuring the inclination angle compared to measuring the AV, and this was not surprising as this measurement relies only on identifying the inter-teardrop line and the long axis of the ellipse projected by the acetabular component. Variation between inclination measurements on the same radiograph is most likely due to minor variation in identifying the exact outline of the acetabular teardrop, which in some cases can be difficult to identify.
In comparison, when measuring the acetabular component anteversion, the main issue is identifying the outline of the ellipse. In some types of acetabular components, this is simple to do, such as when the component has a radiopaque metal ring (Figure 1) . In other types of components, measurement is more difficult. This can be because the apex of the ellipse is harder to identify when the anteversion of the cup is high or when a large femoral head may obscure part of the ellipse. However, by using the drawing and measurement tools of InteleViewer TM , this issue was largely overcome. Only a small section of the acetabular component edge needed to be clearly outlined on the digital radiograph for the drawing tools to be able to superimpose an ellipse over the remainder of the acetabular component. This is far simpler and more accurate than drawing the ellipse freehand.
Measuring acetabular component position using basic diagnostic imaging software and Lewinnek's method on post-operative AP radiographs was selected for a number of reasons. Firstly, while CT is the gold standard for measuring acetabular component position, radiographs are routinely used for post-operative imaging and so a method was needed that could be performed on digital radiographs. Secondly, previous studies have reported that Lewinnek's method is a reliable and accurate method for measuring acetabular component position on AP radiographs. 4, 14 Although other methods for measuring acetabular component position have also been described, 4,6 some of these have been reported to be unreliable, 1, 4 and our initial investigations of other methods found it was difficult to perform the required measurements on some types of acetabular components. Thirdly, Lewinnek's method can be performed using the digital measurement tools provided by basic diagnostic imaging software that is widely available in radiology departments. In our study, we used Inte-leViewer TM software. The basic digital drawing and measurement tools in this software made it simple to superimpose the ellipse over the opening of the acetabular component and then to measure the long and short axis of the ellipse. Other recent studies have used specialized software such as Ein-Bild-Roentgen-Analysis (EBRA), TraumaCad TM (Brainlab Inc) and PolyWare TM (Draftware Developers Inc) that, while reportedly accurate, are expensive and not widely available. 6, 7, 15, 16 There are a number of limitations to this study. Firstly, we were unable to assess the accuracy of measuring acetabular component position on AP radiographs using Lewinnek's method by comparing to the gold standard of CT measurements because post-operative CTs were not available. The impact of pelvic tilt and pelvic rotation when measuring acetabular component position on AP radiographs is difficult to assess. It has been reported that for every 1 of pelvic tilt, anteversion is altered by 0.8 . 17 However, two recent, independent studies have reported that Lewinnek's method is an accurate method when compared to CT. 4, 14 Secondly, femoral anteversion cannot be measured on AP radiographs. Recent studies have suggested that a target range based on combined femoral and acetabular anteversion position is more useful than a target range based on acetabular component position alone. 18, 19 However, a study by Grammatopoulos et al. 16 stated that surgeons tend to implant the acetabular component before the femoral component and so need to have information about the acetabular component independently of the position of the femoral component.
Additional research investigating the accuracy of using InteleViewer TM software to measure acetabular component position could be done by comparison with post-operative CT. This would allow the impact of pelvic tilt and rotation on radiographic measurements to be assessed.
Conclusion
Our study demonstrates that using a basic diagnostic imaging software program (InteleViewer TM ), acetabular component position can be reliably measured using Lewinnek's method. Given the widespread availability of such software, surgeons can be confident that they can consistently measure acetabular component position on digital AP pelvic radiographs. This method can be a simple and effective tool to audit the acetabular component position in THA.
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